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FKDUDFWHULVWLFVRI WZRSKDVHIOXLGV LQDQQXODUJHRPHWULHVDUHQRWVWXGLHG WKRURXJKO\ ,Q WKLVVWXG\ WKHIORZSDWWHUQVDQGOLTXLG
KROGXSFKDUDFWHULVWLFVRI OLTXLGJDVIORZLVDQDO\]HGXVLQJH[SHULPHQWDOGDWDREWDLQHGIURPDQHFFHQWULFSLSHFRQILJXUDWLRQ$
KLJK VSHHG GLJLWDO FDPHUD LV XVHG IRU UHFRUGLQJ WKH IORZ LQ DGGLWLRQ OLTXLG KROGXS YDOXHV DUH FDOFXODWHG XVLQJ GLJLWDO LPDJH
SURFHVVLQJ WHFKQLTXHV LQVWHDG RI HPSLULFDO FRUUHODWLRQV RUPHFKDQLVWLFPHDVXUHPHQWV$W WKH VDPH WLPH WKURXJK WKH DFTXLUHG
LPDJHV FRUUHVSRQGLQJ IORZSDWWHUQV DUH REVHUYHG8VLQJ WKH DFTXLUHG LPDJHV HVWLPDWLRQPRGHOV DUH GHYHORSHG IRU DLUZDWHU
IORZLQKRUL]RQWDOHFFHQWULFDQQXOXV7KLVLVFRQGXFWHGE\XVLQJFRPSXWDWLRQDOLQWHOOLJHQFHUDWKHUWKDQFRQYHQWLRQDOPHFKDQLVWLF
PRGHOV 7KH FKRVHQ PRGHOV DUH QHDUHVW QHLJKERU EDFNSURSDJDWLRQ GHFLVLRQ WUHHV DQG 690 ,QSXW DWWULEXWHV DUH VXSHUILFLDO









GLIIHUHQW LQFOLQDWLRQVDUHFRPPRQ2QHSDUWLFXODUDSSHDUDQFHRI WKHHFFHQWULF WZRSKDVHSLSH IORZSKHQRPHQD LV
VHHQLQKRUL]RQWDODQGRULQFOLQHGZHOOVLQXQGHUEDODQFHGGULOOLQJRSHUDWLRQV
,QWKLVVWXG\WKHIORZSURSHUWLHVRIGULOOLQJIOXLGVLQKRUL]RQWDOZHOOVDUHREVHUYHGH[SHULPHQWDOO\DQGXVLQJWKLV
H[SHULPHQWDO GDWD YDULRXV FRPSXWDWLRQDO LQWHOOLJHQFH PRGHOV DUH GHYHORSHG IRU SUHGLFWLQJ WKHVH IORZ SURSHUWLHV
ZLWKRXWKDYLQJWRJRWKURXJKH[SHULPHQWVRUVLPXODWLRQV'LJLWDOYLGHRUHFRUGLQJVRIDOOH[SHULPHQWVDUHVWRUHGDQG
GLJLWDOLPDJHSURFHVVLQJWHFKQLTXHVDUHXVHGRQWKHVHYLGHRVWRREWDLQWKHGHVLUHGIORZSURSHUWLHV(PSKDVLVZLOOEH
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WHFKQLTXHV WKDWDUH XVHG IRUHVWLPDWLRQPRGHOV ,Q6HFWLRQ WKH UHVXOWVDUHSUHVHQWHGDQGGLVFXVVHG)LQDOO\ WKH
FRQFOXVLRQLVSURYLGHGLQWKHODVWVHFWLRQ6HFWLRQ
2. Literature Review 
7KHUH DUH QXPHURXV H[SHULPHQWV SHUIRUPHG RQ WZRSKDVH IORZ RQ DQQXODU SLSHV >@ 7KHVH ZHUH PRVWO\
PHFKDQLVWLF PRGHOV FRQGXFWHG RQ KRUL]RQWDO DQQXODU SLSHV &RPSXWDWLRQDO ,QWHOOLJHQFH WHFKQLTXHV OLNH $UWLILFLDO
1HXUDO1HWZRUNV$11KDYHEHHQXVHG LQHVWLPDWLQJWKHIORZUDWHVLQFLUFXODUSLSHIORZ+RZHYHUYHU\OLPLWHG
DPRXQW RI ZRUN KDV EHHQ GRQH RQ IORZ SDWWHUQ GHWHFWLRQ DQGRU OLTXLG KROGXS HVWLPDWLRQ IRU WZRSKDVH IORZ LQ
KRUL]RQWDODQQXOXV$PRQJWKHVHDUHWKHIORZSDWWHUQDQGOLTXLGKROGXSHVWLPDWLRQE\7HUQ\LNHWDO>@DQG2VPDQ
>@ %RWK VWXGLHV ZHUH FRQGXFWHG XVLQJ RWKHU UHVHDUFKHUV¶ H[SHULPHQWDO GDWD 6KLSSHQ DQG 6FRWW >@ XVHG D
EDFNSURSDJDWLRQ QHXUDO QHWZRUN IRU OLTXLG KROGXS SUHGLFWLRQ DQG REWDLQHG VXFFHVVIXO UHVXOWV 2]ED\RJOX DQG




YHU\ OLPLWHGDPRXQWRI VWXGLHVSHUIRUPHGXVLQJ WKLVDSSURDFK LQDQQXODUSLSHV ,QRQH VWXG\'LQKHWDO >@XVHG
LPDJH ILOWHULQJ WHFKQLTXHV HGJH GHWHFWLRQ DQG WKUHVKROGLQJ PHWKRGV LQ SUHGLFWLQJ WKH IORZ SDWWHUQV LQ ZDWHUDLU
PL[WXUHV2QJRLQJUHVHDUFKLVVWLOOFRQWLQXLQJLQWKLVILHOGLQRUGHUWRKHOSWKHGULOOLQJFRPSDQLHVWRDFKLHYHEHWWHU
SUHFLVLRQ LQ HVWLPDWLQJ WKH IORZ SURSHUWLHV ,Q WKLV VWXG\ WKH HVWLPDWLRQ RI IORZ SDWWHUQV DQG OLTXLG KROGXS LV
DFKLHYHG XVLQJ D QRYHO DSSURDFK E\ FRPELQLQJ GLJLWDO LPDJH SURFHVVLQJPHWKRGVZLWK  GLIIHUHQW FRPSXWDWLRQDO
LQWHOOLJHQFHWHFKQLTXHV
3. Experimental Setup 
7KH0LGGOH(DVW7HFKQLFDO8QLYHUVLW\ 3HWUROHXP DQG1DWXUDO*DV(QJLQHHULQJ'HSDUWPHQW 0XOWLSKDVH )ORZ
/RRS0(783(7(0)/ZDVXVHGLQFROOHFWLQJH[SHULPHQWDOGDWD7ZRSKDVHIORZH[SHULPHQWVZHUHFRQGXFWHG















UHFRUGLQJV )LJXUH  ODEHOLQJ E\ XVLQJ 3L[HO LQWHQVLW\ XVHG IRU ZDY\ DQQXODU GLVSHUVHG DQQXODU DQG GLVSHUVHG
EXEEOHIORZSDWWHUQV7KHFRPELQDWLRQRIWKHVHWZRDOJRULWKPVZDVLPSOHPHQWHGLQRUGHUWRODEHOWKHDUHDRIHDFK
SKDVH LQ WKH IUDPHV ZKLFK ZHUH H[WUDFWHG IURP VOXJ DQG FKXUQ IORZ SDWWHUQV 7KH LPSOHPHQWDWLRQ RI WKHVH
DOJRULWKPVDUHSURYLGHGLQ)LJXUHVDQG,PDJHSURFHVVLQJRSHUDWLRQVXVHGLQWKLVVWXG\FDQEHIRXQGLQ>@

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Figure 2: Labeling by using boundaryDVKRZVJUD\OHYHOLPDJHREWDLQHGE\VHSDUDWLQJUHGFRPSRQHQWIURPWKH5*%LPDJH
ELVWKHFURSSHGJUD\OHYHOLPDJHFUHSUHVHQWVWKHLPDJHWKDWZDVILOWHUHGZLWKVREHOPDVNWRGHWHFWHGJHVLQLPDJHE G









D    E    F
Figure 3:  Pixel intensity labeling algorithm DVKRZVJUD\OHYHOLPDJHREWDLQHGE\VHSDUDWLQJUHGFRPSRQHQWIURPWKH5*%
LPDJHELVWKHFURSSHGJUD\OHYHOLPDJHFUHSUHVHQWVWKHODEHOHGLPDJHDFFRUGLQJWRWKHGLIIHUHQWJUD\LQWHQVLWLHV%ODFN
FRORUUHSUHVHQWVWKHOLTXLGUHJLRQDQGJUD\WRQHVVKRZWKHPL[UHJLRQV/HYHOWR/HYHO
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FRPELQDWLRQ RI SL[HO LQWHQVLW\ ODEHOLQJ DQG ODEHOLQJ XVLQJ ERXQGDU\ DOJRULWKPV 7KH JUD\ WRQHV UHSUHVHQW WKH PL[ UHJLRQV
PL[WXUHRIJDVDQGOLTXLG
4. Developed Estimation Models 
7KHFRPSXWDWLRQDOLQWHOOLJHQFHWHFKQLTXHVXVHGLQWKLVVWXG\DUH1HDUHVW1HLJKERU11>@5HJUHVVLRQ7UHHV
57>@%DFNSURSDJDWLRQ1HXUDO1HWZRUN%11>@DQG6XSSRUW9HFWRU5HJUHVVLRQ695>@IRU/LTXLG+ROGXS
(VWLPDWLRQ ZKHUHDV )ORZ 3DWWHUQ ,GHQWLILFDWLRQ ZDV LPSOHPHQWHG XVLQJ 11 &ODVVLILFDWLRQ 7UHHV &7>@ DQG
6XSSRUW9HFWRU0DFKLQHV690>@
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Gas Reynolds Number (0-2000 streched for more distinguishability) 
Stratified Churn Plug
Slug Wavy Annular Dispersed Bubble
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Flow Pattern Number 
of data
Success rate (%)
NN CT BNN SVM Average
Stratified      98.47
Plug      92.33
Slug      90.08
Churn      80.47
Wavy Annular      79.42
Dispersed Bubble      92.22
Dispersed Annular      95.37
Average of all 57.14 87.91 90.09 88.57 92.49 89.76

$IWHUFRPSDULQJWKHUHVXOWVRIWKLVVWXG\ZLWKRWKHUVLPLODUZRUNLQOLWHUDWXUH >@ LW LVREVHUYHGWKDWQRW
RQO\ EHWWHU UHVXOWV ZHUH REWDLQHG IRU PRUH IORZ SDWWHUQV EXW DOVR RQO\ WZR GLPHQVLRQOHVV LQSXWV ZHUH XVHG LQ
DFFRPSOLVKLQJ WKLV SHUIRUPDQFH LQ WKLV VWXG\ 506( YDOXHV DQG $$( YDOXHV FDOFXODWHG IURP HVWLPDWHG OLTXLG
KROGXSVDUHJLYHQLQ7DEOH$OPRVWDOOPRGHOVSURYLGHGVLPLODUUHVXOWVKRZHYHU57VOLJKWO\RXWSHUIRUPHGWKHUHVW
Table 2 506(DQGDYHUDJHDEVROXWHHUURUYDOXHVRIOLTXLGKROGXSHVWLPDWLRQPRGHOV
8VHGPRGHO 506( $YHUDJH$EVROXWH(UURU$$( (UURU6WG'HY &RUU&RHI5
11    
%11    
57    
695    

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,Q OLWHUDWXUH OLTXLG KROGXS HVWLPDWLRQVZHUH DOPRVW DOZD\V LPSOHPHQWHG WKURXJK OLTXLG KROGXSPHDVXUHPHQWV
IURPPHFKDQLVWLFPRGHOVDQGRUFDOFXODWLRQVWKURXJKHPSLULFDOFRUUHODWLRQV,QWKLVVWXG\DGLIIHUHQWDSSURDFKZDV
FKRVHQ LPDJH SURFHVVLQJ WHFKQLTXHVZHUH XVHG WR REWDLQ OLTXLG JDV UDWLRV+HQFH WKHPRGHO SURYLGHG DQG XVHG
LPDJHGDWDIURPDFWXDOREVHUYDWLRQRIWKHIORZ7KLVE\LWVHOILVDQRYHODSSURDFKVLQFHH[FHSWRQHVWXG\>@WKHUH
KDYHQRWEHHQVLPLODUH[SHULPHQWVLPSOHPHQWHGWRPHDVXUHOLTXLGKROGXS)XUWKHUPRUH/LDQJHWDORQO\VWXGLHGWKH





XVHG $ WRWDO RI  GDWD SRLQWV ZHUH FROOHFWHG DQG XVHG 'LJLWDO LPDJH SURFHVVLQJ WHFKQLTXHV ZHUH XVHG LQ
GHWHUPLQLQJWKHOLTXLGKROGXSYDOXHGLIIHUHQWFRPSXWDWLRQDOLQWHOOLJHQFHWHFKQLTXHV1HDUHVW1HLJKERU'HFLVLRQ
7UHH%DFNSURSDJDWLRQ1HXUDO1HWZRUNVDQG6XSSRUW9HFWRU0DFKLQHVZHUHXVHGDVHVWLPDWLRQPRGHOV7KHUHVXOWV
LQGLFDWH WKDW 690 KDG WKH EHVW SHUIRUPDQFH LQ HVWLPDWLQJ WKH FRUUHFW IORZ SDWWHUQ ZLWK  DFFXUDF\ DQG
5HJUHVVLRQ7UHHVLQHVWLPDWLQJWKHOLTXLGKROGXSYDOXHZLWKLQDQDFFXUDF\UDQJHRIDYHUDJHDEVROXWHHUURU7KH
HVWLPDWLRQSHUIRUPDQFHZDVJHQHUDOO\EHWWHUFRPSDUHGWRVLPLODUVWXGLHVLPSOHPHQWHGLQWKHOLWHUDWXUH7KHUHVXOWV
LQGLFDWHWKHDOOSURSRVHGPRGHOVFDQEHXVHGLQSUHGLFWLQJWKHIORZSURSHUWLHV

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